Flavones, Mulberrin, Mulberrochromene, 13 C NMR Reappraisal of the 13 C NMR data for mulberrin and mulberrochromene indicate a revision of structure for these two compounds as well as for cyclomulberrin and cyclomulberrochromene .
The 13 C-NMR spectroscopy of various flavonoids and their derivatives has been extensively studied in the past few years [1] [2] [3] [4] [5] [6] [7] . In the course of our work [2, 6, 7] on the i 3 C NMR spectra of 5,7-dihydroxy flavonoids, the C-6 and C-8 resonances were always found in the interval 90.0 ppm to 100.0 ppm. The signal for C-6 is always found to be at lower fields than C-8. This chemical shift difference is small (ca. 0.9 ppm) in flavanones and larger (ca. 4.5 ppm) in flavones and flavonols. Substitution of C-6 or C-8 in 5,7-dihydroxy flavonoids, as expected on the basis of well established results, does not result in a marked shift (i 0.8 ppm) of the signal of the other carbon atom [7] . The potential of this information is immediately obvious. The position of C-alkylation, C-arylation (cf. biflavonoids) [7] , or C-glycosylation in such compounds can be readily determined. In this communication we present an application of this information to the revision of structure of four mutually interrelated prenylated flavonoids isolated from Morus alba root bark by Deshpande et al. [8] .
The initial work on the flavones of the Morus alba stem and root bark led to the structure postulates 1-4 for mulberrin, mulberrochromene, cyclomulberrin, and cyclomulberrochromene, respectively. The position of C-alkylation at C-6 of the flavone moiety in each case was deduced by chemical correlation with artocarpin (5) (Fig. 1) . In a recent publication by Wenkert and Gottlieb [5] 98.9 ppm, in the respective spectra have been assigned without comment to C-8 of mulberrin and mulberrochromene, respectively. These chemical shift values are ca. 4.0 ppm downfield of the C-8 signal in 5,7-dihydroxy flavonoids. However, they are in the range expected for the corresponding unsubstituted C-6. In the 13 C NMR spectrum of the linear chromeno-flavone (6), synthesized according to the method of Hlubucek et al. [9] , the C-8 signal appeared at 94.8 ppm. Similarly the chemical shift of C-4 in the 13 C NMR spectra of the linear chromeno-xanthones [10] Jacareubin, its 6-deoxy derivative, calabaxanthone, and thwaitesixanthone appeared in the narrow range 94.0 ppm to 94.8 ppm (Fig. 2 ). These data indicate by analogy that the four mutually interrelated prenylated Morus flavones, isolated by Deshpande et al. have the 8-C rather than the 6-C-substitution as initially proposed. When only one aromatic proton is present in cyclomorusin, as compared with the parent compounds. This is typical of angular chromenoflavones [14] . In the case of the linear chromenoflavones the two olefinic protons are shifted in opposite directions (a: -0.3ppm and ß: +0.1 ppm). Treatment of Kuwanon C with DDQ resulted in the formation of morusin as one of the products. Although the UV and NMR spectral data of mulberrin and Kuwanon C, mulberrochromene and morusin, cyclomulberrochromene and cyclomorusin show close similarity their melting points show divergence (see Table I ). One explanation for this could be the possible existence of polymorphic forms. m in ring A of 5,7-dihydroxy-flavonoids, it is very difficult to unequivocally define its position on the basis of its chemical shift. The chemical shift difference between H-6 and H-8 in 6 and the corresponding isomeric linear chromene is only 0.13 ppm [9] . Further, the low yield of mulberrochromene precluded the preparation of the acetate for X H NMR spectral comparison. This could have differentiated between an angular and linear structures for mulberrochromene. Thus in this case 13 C NMR spectroscopy is more reliable in determining the position of C-alkylation in 5,7-dihydroxy flavones.
The structure of artocarpin (5) however was proved by classical methods including the synthesis of tetrahydro artocarpin dimethyl ether [11] . This indicates that in the conversion artocarpin-tetrahydromulberrin (Fig. 1) an isomerisation must have taken place. The only conceivable possibility is that of a Wessely-Moser rearrangement in the demethylation of tetrahydro-artocarpin with HI.
In subsequent work on the same plant source Nomura et al. [12, 13] isolated three flavones morusin, cyclomorusin, compound A and Kuwanon C. All these compounds were given the 8-C-alkylated structures. This was on the basis of the negative Gibbs test in the case of derivatives in which only 5-OH was free. Further, acetylation of 5-OH produced no shift in the olefinic proton signals in the dimethyl-chromene compounds morusin and 
Experimental
The chromenoflavone (6) was prepared according to the method of Hlubucek et al. [9] and was shown to be identical with an authentic sample.
i3C NMR spectrum of 6 (DMSO-d6, Jeol FX 100, 25.1 MHz) <5 = 181.8 ppm (C-4), 163.2 (C-2), 158.7 (C-7), 156.3 (C-9), 155.3 (C-5), 131.8 (C-4'), 130.4 (C-l'), 128.8 (C-3', C-5', C-3"), 126.2 (C-2', C-6'), 114.2 (C-4"), 105.1 (C-3), 104.7 (C-6, C-10), 94.8 (C-8), 77.8 (C-2"), 27.7 (methyl carbons).
The above assignments were carried out on the basis of existing literature [1] [2] [3] [4] [5] [6] [7] and by off-resonance decoupling.
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